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(54) Power-off screen clearing circuit for active matrix liquid crystal display 



(57) A liquid crystal display comprising gate lines 
(32) to which the gates of the transistors (31 a) in active 
switching elements (31) are connected, a node A sup- 
plied with a gate low voltage Vgl generated from a 
source voltage Vdd. a charge storage means (36) for 
storing a predetermined charge, a P-channel transistor 
(37) connected between the node A and the charge stor- 
age means (36), a node C connected to the gate of the 
P-channel transistor (37), a voltage supply means (38) 
for supplying the node C with a voltage causing the P- 
channel transistor (37) to be maintained in a high-resist- 
ance state while the source voltage Vdd is supplied to 
the liquid crystal display, a voltage reducing means (39) 
for using a capacitive coupling to reduce the voltage of 
the node C to a voltage causing the P-channel transistor 
(37) to become a tow-resistance state in response to the 
change in the source voltage Vdd if the supply of the 
source voltage Vdd is stopped, and a control means (33) 
for supplying the charge stored in the charge storage 
means (36) to the gate lines (32) through the node A in 
response to the P-channel transistor (37) having be- 
come a low-resistance state, thereby to cause the tran- 
sistors (31a) in active switching elements (31) to be- 
come a low-resistance state. 



Vdd 

o— 



Vgfi 



Vdd 

o— 



Vgh 
o— 



Vg2 



36 



Vdd 
O 

'ro, 



f 



8 



C> == 
I 

rrr 



Gate 

line 

driver 

circuit 

33 



32 



LCD 



35 



33 « Vdd 
vj o 



Pch- 



MO! 

! fc w 



39 



37 



Veh 



▼ o 2 



Primed by Jouve. 7=001 PARIS (FR) 



EP 0 881 622 A1 



Description 

The present invention relates to a liquid crystal dis- 
play. 

A TF i type Liquid Crystal Display (LCD) having ac- 
tive switching elements has a structure in which many 
active switching elements are arranged in a matrix. Fig- 
ure 1 shows an equivalent circuit of such TFT. One end 
of the TFT is connected to a data line, and the other end 
is connected to a pixel voltage terminal Vp. The TFT 
gate is connected to a gate line N. and the TFT is se- 
lectively turned on/off in response to the signal provided 
to the gate line N. Further, the pixel voltage terminal vp 
is connected to a voltage terminal VCOM through a liq- 
uid crystal capacitance CLC and connected to a gate 
line N-1 through a secondary capacitance CS. 

Generally, the output from a driver circuit for driving 
such panel is interrupted simultaneously with the turn- 
ing-off of the power. Thus, even if the power is turned 
off to eliminate the display on a screen, sometimes an 
afterimage like a black spot is seen on the screen for a 
certain time. The occurrence of such afterimage is 
caused. by the charge held on a load capacitance com- 
prised of the liquid crystal capacitance CLC and the sec- 
ondary capacitance CS. That is, while the charge is nat- 
urally discharged after the power is turned off. it is made 
visible on the screen by a reflected light as if it is written. 
Since the degree of the afterimage made visible by the 
reflected light increases as Aperture ratio of the TFT 
type LCD increases, it is a problem from the viewpoint 
of the display screen quality. 

To solve the problem of the afterimage display, it is 
only required that, when the power is turned off, all the 
gate lines (all the unselected gate lines) supplied with a 
gate low voltage (for instance, -10 V.) by agate line driv- 
er circuit be supplied with a voltage of the order of +2 V 
for a certain time period ever after the turning-off of the 
power. Since the TFTs in the corresponding active 
switching elements are caused to become a low-resist- 
ance state (on-state) by providing a voltage to the un- 
selected gate lines to such extent, the charge in the pixel 
capacitance can forcibly be discharged to the gate lines 
on the instant. Accordingly, it is possible to instantane- 
ously clear the afterimage. 

As a background art related to this problem, there 
is Published Unexamined Japanese Patent Application 
No. 1 -1 70966. This is to automatically detect the power- 
off of a liquid crystal display, and based on that, the TFT 
of the liquid crystal display element is held to be on for 
a predetermined time so that the stored charge of the 
pixel capacity can be discharged in a short time. As 
shown in the block diagram of Figure 2. by a source volt- 
age VI supplied to a terminal 1 from the main body of a 
liquid crystal display, a capacitor 2b of a large capaci- 
tance is charged through a diode 2a. The source voltage 
VI is also supplied to a gate bus driver circuit 3. This 
source voltage holding circuit 2 is to hold the power of 
the operation power suppiy provided to a iiquid crystal 



display panel for a predetermined time even after the 
power to the liquid crystal display is turned off. A voltage 
drop detection circuit 4 is to detect the voltage drop of 
the source voltage VI. and simultaneously holds the out- 
5 puts of the gate bus driver circuit 3 at an active level for 
a predetermined time in response to the detected signal. 
That is. in this method, when the system power VI is 
turned off, the power within the LCD panel is not imme- 
diately turned off. but. first the voltage drop from the sys- 
io tern is detected and a voltage supply circuit for rising the 
gate voltage is operated. Thereafter, after the afterim- 
age on the screen is removed, to turn off the main power 
to the LCD panel, instructions are sent to the power cir- 
cuit to finally turn off the power. 

'5 However, the background art has the following 

problems. First, since the source voltage VI is supplied 
to the gate bus driver circuit 3 through the diode 2a. a 
voltage drop occurs in the diode 2a. To solve the disad- 
vantage due to the voltage drop, the above publication 

20 includes a description that the voltage VI itself may be 
made larger or a DC-DC converter may be provided on 
the input side of the power holding circuit 2 to increase 
the voltage. However, it cannot be denied that the circuit 
design is made complicated by the provision of such cir- 

25 cuit. 

Further, as a larger problem, it is required to reserve 
a power supply for operating circuits such as a circuit 
for detecting the turn-off of the system power, or an af- 
terimage removal power hold/supply circuit and a power 
oo turn-off request/enable circuit after the afterimage re- 
moval, which are needed in the above art, after the sys-- 
tem power VI is turned off. However, the circuit construc- 
tion therefor is complex and expensive. 

Accordingly, it is an object of the present invention 
55 to effectively remove the afterimage display after the 
turn-off of the power, which is due to the load capaci- 
tance in the TFT type LCD. It is preferred that such an 
object be achieved by means of a simple circuit con- 
' struction. 

-to According to a first aspect, the present invention 
provides a liquid crystal display in which many active 
switching elements are arranged in a matrix, each of the 
active switching elements has a transistor, and an after- 
image occurring when the supply of the source voltage 

•*s is stopped is removed, the liquid crystal display com- 
prising: gate lines connected to the gates of the transis- 
tors in the active switching elements: a first node sup- 
plied with a second source voltage generated from the 
source voltage: charge storage means for storing a pre- 

50 determined charge: a P-channel transistor connected 
between the first node and the charge storage means: 
a second node connected to the gate of the P-channel 
transistor: voltage supply means for supplying the sec- 
ond node with a voltage causing the P-channel transis- 

55 tor to be maintained in a high-resistance state while the 
source voltage is supplied to the liquid crystal display: 
voltage reducing means for using a capacitive coupling 
to reduce the voitace of the second node to a voitage 
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> causing the P-channel transistor to become a low-re- 
sistance state in response to the change in the source 
voltage if the supply of the source vol'age of the fiquid 
crystal display is stepped: and control means lor sup- 
plying the charge stored in the charge storage means 
to the gate lines through the first node in response to 
the P-channel transistor having become a low-resist- 
ance state, thereby to cause the transistors in the active 
switching elements to become a low-resistance state. 

A second aspect of the present invention is related 
tc a method for controlling the afterimage removing cir- 
cuit provided in a liquid crystal display in which many 
active switching elements are arranged in a matrix, each 
of the active switching elements has a transistor and 
gate lines are connected to the gates of the transistors 
in the active switching elements. The afterimage remov- 
ing circuit comprises a first node for supplying a second 
source voltage generated from the source voltage and 
lower than the source voltage, a charge storage circuit 
for storing a predetermined charge, and a P-channel 
transistor connected between the first node and the 
charge storage means and having the gate thereof con- 
nected to a second node. To remove the afterimage oc- 
curring when the supply of the source voltage is 
stopped, the afterimage removing circuit is controlled as 
follows. 

(a) A step of supplying the second node with a volt- 
age causing the P-channel transistor to be main- 
tained in a high-resistance state while the source 
voltage is supplied to the liquid crystal display 

(b) A step of using a capacitive coupling to reduce 
the voltage of the second node to a voltage causing 
the P-channel transistor to become a low-resist- 
ance state in response to the change in the source 
voltage if the supply of the source voltage of the liq- 
uid crystal display is stopped. 

(c) A step of supplying the stored predetermined 
charge to the gate lines through the first node in re- 
sponse to the P-channel transistor having become 
a low-resistance state, thereby to cause the transis- 
tors in the active switching elements to become a 
low-resistance state. 

In such arrangement, the control for supplying the 
charge stored in the charge storage means to a gate 
line is performed by the P-channel transistoras a switch- 
ing element. First, while the power is on : a voltage is 
supplied so as to cause the P-channel transistor to be 
turned off. Since the source voltage rapidly changes 
from a certain value to zero if the power is turned off. a 
capacitive coupling can be used to turn on the P-channel 
transistor. By causing the potential or the gate line to 
rise by the charge stored in the charge storage means 
to cause the transistor in the active switching element 
to oecome a low-resistance state (generally. on-5tate). 
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the charge stored in the element can instantaneously 
be discharged. 

A preferred embodiment of the invention will now 
be described, by way of example only, with reference to 
the accompanying drawings in which: 

Figure 1 is an equivalent circuit of the TFT: 

Figure 2 is a block diagram for explaining the back- 
ground art: 

Figure 3 is a schematic circuit diagram of the liquid 
crystal display in the present embodiment: and 

Figure 4 is a circuit diagram showing another em- 
bodiment of the voltage supply circuit. 



Figure 3 is a schematic circuit diagram of the liquid 
crystal display in the present embodiment. In the TFT 

20 type LCD, many active switching elements 31 are ar- 
ranged in a matrix. Each active switching element con- 
sists of an FET 31 a and opposed pixel electrodes 31 b. 
The gate of each FET 31 a is connected to a gate line 
32 ; and its source is connected to a source line : not 

25 shown. A gate line drivercircuit 33 is to selectively select 
desired gate lines, and to the selected gate lines, a gate 
high voltage Vgh, a third source voitage, is supplied. 
And. to all the other gate fines which are not selected 
(unselected gate lines), a gate low voltage Vgl. a second 

30 source voltage, is supplied. A voltage generation circuit 
34 is to generate various voltages such as the gate high 
voltage Vgh (e.g. +20 v) and the gate low voltage Vgl 
(e.g. -10 V) if the external power supplied to the liquid 
crystal display is a single source voltage vdd (e.g. +5 V). 

35 if the source voltage vdd is supplied to the liquid 
crystal display the gate low voltage Vgl is supplied to a 
node A : and the gate line driver circuit 33 operates under 
the source voltages such as the source voltage vdd, the 
gate high voltage Vgh, and the gate low voltage Vgl 

-to which is the potential of the node A. An afterimage circuit 
. 35 comprises a charge storage circuit 36 : a P-channel 
transistor 37. a voltage supply circuit 3S : and a voltage 
reducing circuit 39. 

In the charge storage circuit 36', a diode D1 and a 

-*s capacitance are serially connected between a source 
voltage terminal Vdd and a ground potential terminal 
Vss. And. when the power for the liquid crystal display 
is on (vdd is supplied), a predetermined charge is -stored 
in the capacitance C1 through the diode D1. The capac- 

50 itance C1 is set to a capacity which can cause the po- 
tential of a plurality of unselected gate lines to-rise to a 
predetermined potential (e.g. about +2 V). 

The drain of the P-channel transistor 37 is connect- 
ed to the node A, the source is connected to a node B 

« in the charge storage circuit 36. and the gate is connect- 
ed to a node C in the voltage supply circuit 38. The tran- 
sistor 37. described below in detail, is a switching ele- 
ment which is off (hich-resis:ar.cs state) when the cower 
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is oa and changes to on (low-resistance state) when 
the power is turned off. Accordingly, it supplies a charge 
to unselected gate lines through the gate line driver cir- 
cuit 33 only when the power is turned off. 

The voltage supply circuit 35 is a P-channel transis- 
tor 40 provided between the source voltage terminal 
Vdd and the node C. and its gate is fixedly supplied with 
the ground potential. With this, when the power is on. 
the voltage of the node C is maintained at a voltage 
causing the P-channel transistor 37 to be turned off. 

The voltage reducing circuit 39 consists of two ca- 
pacitances C2 and C3 ; and a diode D2. The capacitance 
C2 is provided between the node C and a node D. and 
the capacitance C3 is provided between the node D and 
a gate high potential terminal Vgh. And! the diode D2 is 
forward-connected in the ground direction from the node 
D. As long as the gate high potential voltage Vgh is sta- 
ble when the power is on. the potential of the node D is 
zero, and it has no effect on the potential of the node C 
which is stabilized by the voltage supply circuit 38. 

Now : description is made to the operation for the 
case in which the supply of the power to the liquid crystal 
display is stopped. In this case, the source voltage Vdd 
instantaneously changes to zero. Thus, not only the 
source voltage Vdd. but also the high gate voltage Vgh 
and the low gate voltage Vgl generated therefrom in- 
stantaneously change to zero. Accordingly, this causes 
the potential of the source voltage terminal Vdd in the 
charge storage circuit 36 to become zero, but, since the 
diode 01 is connected, the charge in the capacitance 
C1 is not discharged to the source voltage terminal vdd 
side (which has changed to zero). 

The source voltage terminal vdd in the voltage sup- 
ply means 38 also becomes zero. but. since the poten- 
tial of the node C in a floating state is higher the potential 
of the node C is not decreased by the P-channel tran- 
sistor 40. However, since the potential of the gate high 
voltage terminal Vgh in the voltage reducing circuit 3? 
instantaneously becomes zero (for instance, changes 
from +20 V to 0 V), the potential of the node C is made 
to drop at a time by the capacitive coupling between the 
capacitances C2 and C3 : thereby to turn on the P-chan- 
nel transistor 37. As a result, the potential of the node 
A is risen by the charge stored in the capacitance C1. 
and that voltage is supplied to the gate line driver circuit 
33.. 

Consequently, the potential of a plurality of gate 
lines 31 unselected by the gate line driver circuit 33 rises 
(e.g. about +2 V), turning on the FET 31a in the active 
switching element 31 (low-resistance state) . This caus- 
es the charge stored in the element 31 to be forcibly dis- 
charged, for instance, to a source line. Since the charge 
stored in the active switching element 31 can forcibly be 
discharged, it is possible to erase the displayed afterim- 
age faster than the case in which it is naturally dis- 
charged. 

Thus, in the present embodiment, using the instan- 
'.aneous change in the source voitage which occurs 
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when the power is turned off. and the capacitive cou- 
pling in the voltage reducing circuit, the switching of the 
P-channel transistor is performed to execute the elimi- 
nation of the afterimage. Accordingly, there are advan- 
s tages that it is not necessary to reserve a special power 
supply for the operation after the turn-off of the system 
power, which was required in the background art. and 
that only a very simple and inexpensive circuit construc- 
tion is needed. 

io The above description has been made to the case 
in which the afterimage removing circuit 35 is provided 
on the terminal side of the gate low voltage supplied to 
the gate line driver circuit 33. However, the present in- 
vention is not limited to this, and it is to be understood 

is that it may be provided directly on the gate line 32 side 
without through the gate line driver circuit 33. 

Further, the voltage supply circuit 38 may be con- 
structed as shown in Figure 4. By providing a resistor in 
parallel with a diode in this way, the timing of turning on 

20 the P-channel transistor 37 can controlled more easily. 

Thus, in accordance with the present invention, the 
afterimage occurring when the power is turned off can 
be eliminated with a very simple and inexpensive circuit 
construction, without reserving a special power supply 

25 for* operating the circuit after the turn-off of the system 
power. 

Claims 

30 

1. A liquid crystal display having a plurality of active 
switching elements arranged in a matrix, each of the 
active switching elements having a transistor and 
gate lines connected to gates of the transistors in 
55 the active switching elements the liquid crystal dis- 
play comprising: 

a first node supplied with a second source volt- 
age generated from the source voltage: 

40 

charge storage means for storing a predeter- 
mined charge: 

a P-channel transistor connected between the 
first node and the charge storage means: 

a second node connected to the gate of the P- 
• channel transistor: 

so voltage supply means for supplying the second 

node with a voltage causing the P-channel tran- 
sistor to be maintained in a high-resistance 
state while the source voltage is supplied to the 
liquid crystal display: 

55 

voltage reducing means for using capacitive 
coupling to reduce the voltage of the second 
node to a voitage causing the P-channel tran- 
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_• sistor to become a low-resistance state in re- 
sponse to the change in the source voltage if 
the supply of the source voltage of the liquid 
crystal display is stopped: and 

5 

control means for supplying the charge stored 
in the charge storage means to the gate lines 
through the first node in response to the P- 
channel transistor having become a low-resist- 
ance state, thereby to cause the transistors in 10 
the active switching elements to become a low- 
resistance state. 

A liquid crystal display as set forth in claim 1 , where- 
in the control means comprises a gate line driver is 
circuit for selectively selecting desired the gate 
lines, and the gate line driver circuit supplies the 
charge stored in the charge storage means to a plu- 
rality of unselected the gate lines other than the se- 
lected gate line through the first node. 20 

A liquid crystal display as set forth in claim 1 , where- 
in the second source voltage is a gate low voltage 
generated from the source voltage of the liquid crys- 
tal display. 2s 

A liquid crystal display as set forth in claim 3. where- 
in the control means are a gate line driver circuit, 
and the transistors in a plurality of the active switch- 
ing elements which are supplied with the gate low 30 
voltage by the gate line driver circuit is caused to 
become a low-resistance state by the charge stored 
in the charge storage means. 

A liquid crystal display as set forth in claim 3 : where- ss 
in the voltage reducing means have a first capaci- 
tance having one end thereof connected to the sec- 
ond node and having the other end thereof connect- 
ed to a third node, and a second capacitance having 
one end thereof supplied with a third source voltage -to 
and having the other end thereof connected to the 
third node. 
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active switching elements, the liquid crystal display 
further comprising an afterimage removing circuit, 
the afterimage removing circuit further having a first 
node, a charge storage circuit, and a P-channel 
transistor, the first node being supplied with a sec- 
ond source voltage generated from the source volt- 
age and lower than the source voltage, the charge 
storage storing a predetermined charge: and. the 
P-channel transistor being connected between the 
first node and the charge storage circuit, and having 
the gate thereof connected to a second node, the 
method comprising the steps of: 

supplying the second node with a voltage caus- 
ing the P-channel transistor to be maintained in 
a high-resistance state while the source volt- 
age is supplied to the liquid crystal display: 

reducing, if the supply of the source voltage of 
the liquid crystal display is stopped, the voltage 
of the second node to a voltage causing the P- 
channel transistor to become a low-resistance 
state in response to the change in the source 
voltage by using a capacitive coupling: and 

supplying the stored predetermined charge to 
the gate lines through the first node in response 
to the P-channel transistor having become a 
low-resistance state, thereby to cause the tran- 
sistors in the active switching elements to be- 
come a low-resistance state. 



A liquid crystal display as set forth in claim 5, where- 
in the third source voltage is a gate high voltage -*s 
generated from the source voltage of the liquid crys- 
tal display and higher than the gate low voltage. 

A liquid crystal display as set forth in claim 5. where- 
in the voltage reducing means have a diode which so 
is forward -connected from the third node toward the 
ground potential terminal. 

A method for controlling afterimage in a liquid crys- 
tal display comprising a plurality of active switching ss 
elements arranged in a matrix, each of the active 
switching elements having a transistor, and gate 
lines connected to the gates of the transistors in the 
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